Aortocaval compression is a major cause of maternal hypotension. A randomised controlled clinical trial was designed to compare two wedged supine positions for prevention of hypotension following combined spinal epidural anaesthesia for caesarean delivery. Sixty parturients undergoing elective caesarean delivery were randomly assigned to two different wedged supine positions. After the completion of subarachnoid injection, parturients were placed with either a wedge under the right pelvis (group P, pelvic wedge) or under the right lumbar region (group L, lumbar wedge). Systolic blood pressure and heart rate were recorded every minute for 20 minutes from the subarachnoid injection. Hypotension, defined as systolic blood pressure <100 mmHg or 80% of the baseline, was treated with intravenous ephedrine 5 mg. The incidence of hypotension, ephedrine use and neonatal Apgar scores and umbilical arterial pH were recorded. The incidence of hypotension was significantly higher in group P than that in group L (23/30 [77%] vs. 14/30 [47%], P=0.016). Systolic blood pressure decreased significantly in both groups at seven, eight and nine minutes (P <0.001); moreover it was lower at seven, eight and nine minutes in group P than in group L (P <0.01). Heart rate did not change significantly in either group. There were no significant differences between the two groups for Apgar score and umbilical arterial pH. A lumbar wedge is more effective than a pelvic wedge in preventing hypotension following combined spinal epidural anaesthesia for caesarean delivery, although it does not eliminate hypotension.
Hypotension is one of the most common complications of spinal or epidural anaesthesia for caesarean delivery [1] [2] [3] . Methods of prevention of hypotension have been widely discussed in past decades, without definite conclusions [1] [2] [3] [4] .
In 1959, Kennedy and coworkers 5 found that relieving inferior vena caval occlusion by left uterine displacement could correct maternal hypotension prior to vaginal delivery under spinal anaesthesia. Crawford 6 then observed that right lateral tilt for uterine displacement by means of a wedge improved the neonatal outcome during general anaesthesia for caesarean delivery. They attributed the better outcomes to prevention of "concealed caval occlusion" and suggested that the use of the wedge, or some equally appropriate tilting device, was advisable during anaesthesia for caesarean delivery 6 . Some other anaesthetists, for example Eckstein et al 7 and Sprague 8 , also advocated the tilted supine position for prevention of hypotension and since then, this position has been widely adopted [9] [10] [11] .
Our standard practice was to place a cushion under the right pelvis in order to avoid 'supine hypotension syndrome' following spinal or epidural anaesthesia for caesarean delivery. In the course of doing this we found that placing a wedge under the right lumbar region seemed more effective than placing a wedge under the right pelvis. We designed a randomised controlled trial in which we tested the hypothesis that the incidence of hypotension following combined spinal epidural anaesthesia (CSEA) for caesarean delivery is less when a wedge is placed under the right lumbar region rather than the right pelvic region.
MATERIALS AND METHODS
The ethics committee of Jinling Hospital approved the present study and written informed consent was obtained from all parturients. Sixty term singleton parturients of ASA status I or II undergoing elective caesarean delivery were enrolled between September 2006 and February 2007. Parturients with multiple gestation, pre-eclampsia, hypertension, diabetes, renal disease or hepatic disease were excluded. using a random digits table, parturients were allocated by the investigators, using sealed envelopes, into one of two groups, each of 30 parturients. Two different supine positions were investigated: a 12 cm high wedge under the right pelvis, defined as the upper gluteus maximus (group P, pelvic wedge) or under the right lumbar, defined as above the iliac crest and below the lower costal region (group L, lumbar wedge).
In the operating room, oxygen 3 l/min was routinely given via nasal catheter. Twenty-gauge catheters were placed in the radial artery for invasive blood pressure monitoring and in a vein for intravenous infusion. The arterial pressure transducer was zeroed in the mid-axillary line at the fourth right intercostal space. Intravenous hydroxyethyl starch (HES 130/0.4) solution was given at 5 ml/minute. Pulse oximetry, arterial blood pressure (BP), heart rate (HR) and electrocardiograph were monitored continuously. Needle-through-needle CSEA was performed with the parturient positioned in the left lateral position. After skin infiltration with 1% procaine, the epidural space was identified at the L2-3 vertebral interspace using a 17 gauge Tuohy needle and a loss of resistance to air technique. Hyperbaric 0.75% bupivacaine 10.5 mg (1.4 ml) was injected within 60 seconds without barbotage through a 25 gauge Whitacre needle, after which an epidural catheter was inserted 3 to 4 cm into the epidural space. Systolic blood pressure (SBP) and HR were recorded every minute for 20 minutes from the time of the subarachnoid injection (baseline).
After completion of the subarachnoid injection, parturients were placed according to the study group allocation into different supine wedged positions by one investigator (ZQZ). The dimensions of the wedge, which is much smaller than the wedge described by Crawford et al 6 , were length 10 cm; width 10 cm, height at outer wedge 12 cm and height at inner wedge 9 cm. For comfort, the wedge was made of soft cloth such that it could be partially flattened by the parturient's body weight. To ensure comparability, the outer edge was placed just under the edge of the lumbar region or pelvis and its outer wedge height was maintained greater than 10.8 cm, as measured with a rigid 10.8 cm length stylet. In five cases, when the height of the outer wedge was less than 10.8 cm, an additional soft cloth was placed under the wedge until the height exceeded 10.8 cm. The upper level of anaesthesia was determined by measuring the temperature sensation of an alcohol swab in the body midline every minute for 10 minutes after subarachnoid injection. The parturient's body position was manipulated to control the upper anaesthetic level to within the T2 to T6 dermatomal distribution. We defined hypotension as SBP less than 100 mmHg or 80% of the baseline, based on previously used criteria 12, 13 . The incidence of hypotension during the first 20 minutes after subarachnoid injection was recorded. Episodes of hypotension were treated by intravenous injection of ephedrine 5 mg, repeated as necessary. No parturients received epidural or intravenous analgesic supplementation during the study period. Immediately after delivery, arterial blood samples were obtained from the umbilical cord and analysed for neonatal acid-base status and Apgar scores were determined at one and five minutes.
Statistical analysis
We had performed a pilot study in which a lumbar wedge group had a 45% incidence of hypotension, whereas the incidence has been reported as 75 to 90% during caesarean delivery in the pelvic tilt position 5, 9 . The sample size for the present study was determined based on a desire to detect a reduction in the incidence of hypotension from 80% to 45% with 80% power at the 5% significance level. This required 27 patients per group but to allow for a dropout rate of 10%, 60 parturients were enrolled. Statistical analysis was performed using SPSS version 11.0. Data are expressed as mean ± SD, median (range) and proportion. Independent samples t-tests were performed to compare groups for data expressed as mean ± SD including maternal age, weight, height, gestational age, total volume of infused hydroxyethyl starch, spinal puncture-skin incision interval, skin incision-skin closure interval, uterine incision-delivery interval, baseline SBP, baseline HR, ephedrine dose, neonatal weight and umbilical arterial pH. Wilcoxon's rank sum tests were performed to compare nonparametric data expressed as median (range), including the level of anaesthesia and Apgar scores. Chi-square tests were performed to compare data expressed as proportions. Sequential measurements of SBP and HR were tested by using analysis of variance for repeated measurements followed by the least significant difference test for pairwise comparisons. Inter-group comparisons of SBP and HR at the same timepoint were tested using analysis of covariance (dependent variable: haemodynamics, fixed factor: group, covariate: baseline haemodynamics). P <0.05 was considered statistically significant.
RESuLTS
There were no significant differences between groups in maternal age, weight, height, gestational age, total volume of infused HES, upper level of anaesthesia, spinal puncture to skin incision interval, skin incision to skin closure interval, uterine incision to delivery interval, baseline SBP or baseline HR ( Table 1 ). The incidence of hypotension was significantly higher in group P than that in group L (P=0.016, Table 2 ). The average ephedrine dose administered to hypotensive parturients in group P was higher than that in group L (P=0.019, Table 2 ). SBP decreased significantly in both groups compared to baseline at seven, eight and nine minutes (P <0.001) and SBP was lower at seven, eight and nine minutes in group P than in group L (P <0.01). HR did not change significantly in either group (P >0.05) (Figures 1 and 2) .
There was no significant difference between the two groups for Apgar scores or umbilical arterial pH ( Table 3 ). The mean spinal puncture to skin incision interval was approximately 16±6 minutes and all caesarean deliveries were successfully completed under CSEA. One parturient needed manually assisted mask ventilation due to a high block 
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Pelvic tilt * * * Lumbar tilt Figure 2 : Changes in heart rate (HR) from first subarachnoid injection. Data are mean ± SD. HR did not change significantly in either group and there was no significant difference between groups in HR (analysis of variance for repeated measurements and analysis of covariance respectively, P >0.05).
Figure 1:
Changes in systolic blood pressure (SBP) from first subarachnoid injection. Data are mean ± SD. SBP decreased significantly in both groups with respect to the baseline at seven, eight and nine minutes (analysis of variance for repeated measurements, P <0.001). SBP was lower at seven, eight and nine minutes in group P than that in group L (analysis of covariance, *P <0.01).
above T2. No parturient complained about the interventions used or experienced a complication as a result of placing the wedge.
DISCuSSION
Hypotension after spinal anaesthesia for caesarean delivery results from sympathetic blockade, aortocaval compression by the gravid uterus and increased venous capacitance secondary to the pooling of blood in the lower extremities and abdomen [1] [2] [3] [4] . Suggested measures for preventing hypotension during caesarean delivery include: colloid preload 14 , low-dose spinal anaesthesia 14 , use of prophylactic vasopressors 3, 15 , performing a CSEA technique in the left lateral position 9, 16 , the right lateral position 16, 17 , the Oxford position 18 or the sitting position [16] [17] [18] and using left uterine displacement [7] [8] [9] [10] [11] . In the present study, we did not use prophylactic vasopressors and colloid preload averaged about 290 ml, a volume considerably less than that used to prevent spinalinduced hypotension 14 . The anaesthetic technique was standardised and the upper level of anaesthesia was similar in the two groups. However, the SBP was higher at seven, eight and nine minutes and the incidence of hypotension was lower in group L than in group P.
The traditional method of left uterine displacement places a wedge under the right pelvis with a 12 to 15° left lateral tilt [5] [6] [7] [8] [9] , which could change the maternal position and shift the uterus to the left indirectly [5] [6] [7] [8] [9] . However, this method alone is insufficient to relieve aortocaval compression completely following spinal anaesthesia for caesarean delivery, because the reported incidence of hypotension is 75 to 90% 5,9 . In the present study, 77% of parturients in group P experienced hypotension. The gravid uterus can move in the abdominal cavity [5] [6] [7] [8] [9] [10] [11] and aortocaval compression is probably a major cause for hypotension at caesarean delivery [5] [6] [7] [8] [9] [10] . The measures used to prevent aortocaval compression have been well documented [9] [10] [11] 16, 18 . Mendonca et al 9 observed that the full left lateral position reduced the incidence of early hypotension compared with the tilted supine position (64 vs. 90%) and also made treatment easier, however parturients in the full left lateral position tended to become hypotensive (incidence 80%) after turning them back to the tilted supine position immediately before surgery. Stoneham et al 16 found that parturients who had spinal anaesthesia induced while positioned in the Oxford position (left lateral with an inflated bag to support the head and then a similar right lateral position following spinal injection) experienced a lower Chi-square tests were performed to compare the incidence of hypotension and independent samples t-tests were performed to compare mean ± standard deviation ephedrine use in hypotensive parturients. Apgar score at 1 min 9 (7-10) 9 (7-10) 0.57
Apgar score at 5 min 10 (9-10) 10 (9-10) 0.32 umbilical arterial pH 7.289±0.015 7.292±0.015 0.09
Values are mean ± SD or median (range). Independent samples t-tests were performed to compare neonatal weight and umbilical arterial pH. Wilcoxon's rank sum tests were performed to compare Apgar scores.
incidence of hypotension and needed less ephedrine than those in the sitting position. The underlying mechanism behind the lower incidence and severity of hypotension in group L (47%) remains unclear. Possible explanations are that when parturients lie on a lumbar wedge, the wedge may elevate the uterus directly via the soft lumbar tissues, whereas on a pelvic wedge, the wedge acts indirectly by changing the maternal body position [6] [7] [8] [9] [10] ; or that when parturients lie on a wedge, the centre of gravity of the uterus is nearer the right lumbar region than the right pelvis 19 .
There were some limitations to the present study. First, maternal cardiac output may be a more appropriate endpoint measurement than blood pressure. Second, blood pressure recording in the leg may be a better measure of the effects of uterine compression than recording in the upper arm 20 and third, the degree of aortocaval compression was not determined by other measures such as ultrasound. Finally, the observer who recorded SBP and HR measurements was not blinded to the study grouping.
In conclusion, a lumbar wedge is more effective than a pelvic wedge in preventing hypotension after CSEA for caesarean delivery, but the risk of hypotension remains substantial.
